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A, Need ( F i g .  E)  

Sometime i n  the f u o u r e  man will be  p u t t i n g  large systems i n t o  space, 
Lncluding those f o r  h i s  own habitasion, These will r e q u i r e  large1 energy 
sources  than bat lrsries and s o l a r  ~ K Z E L ~ S  tan conveniently 

well as be compact and have a3 l o w  weight. L e w t s  Research Cent{:r 
r e n t l y  conducting technology s t u d i e s  QR s m a l l  r e a c t o r s  wh 
capabikity t o  handle  tohe requj tements i or such misbiom The 5. 
heat-pipe r e a c t o r  1s one cxi t h e s e  concegp~,~ ,  

sources Wlla. need t o  h a v e  h rgh  r e I i a b L l i t y  for a Eong per 

B "  Dafferense 

I, Pumped-Loop irs Nea t -P lps  (Elg" 2 )  
The u s e  of heat p i p e s  for h e a t  removal in p4a 

loop allows majar s t r u c t u r a l  differences in the reactor d e s i g n  
coolant. i s  sealed fn a number: of heat p i p e s ;  thexefor  
p re s su re  vessel  1s d i m i n a t e d ,  A t  t he  same t i m e  the need f o r  coolafir  
l o o p  machinery, e , g  pumps and p r e s s u r i z e r s ,  rotatnng seals and bearin 
i s  el iminated 

Since each coolant  chananel essentially has i ts  own pressure -\;e":Sser  ̂
i n  the form of t h e  taeat-p.r.pe w a l i !  and each heat p l p e  operates ~nciepe~rder r t  
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of any o t h e r ,  major acc iden t s  due t o  l o s s  o f  coolant  o r  l o s s  of fXow are 
precluded. 

When heat i s  appl ied  t o  one end of a h e a t  p ipe ,  s t a r t u p  LS a ~ i - o m a t i e ,  
even from a f rozen  s t a t e ,  and s o  i s  i ts  response t o  changes i n  I: 

load wi th in  its opera t ing  range. Hence, coolan t  p rehea te r s  and afw-er 
hea t  removal srnbsystems are not  needed. 

2 ,  In-Core vs Out-of-Gore Thermionics (Fig.  3 )  
Although t h i s  r e a c t o r  could be used wi th  o t h e r  conversion areilhniqu 

i t  was conceptual ly  designed f o r  use  wi th  an out-of-core theleanionic con- 
ver s ion  system, Moving t h e  thermionic  diodes out  of t h e  core results II? 
a h ighe r  f u e l  d e n s i t y  i n  t h e  core;  t h i s  decreases  t h e  r e a c t o r  s i z e  dn 
s h i e l d  weight ,  I n  a d d i t i o n ,  h ighe r  h e a t  f l u x e s  (250-300 w a f t s / c m 2 )  c 
be  taken by h e a t  p ipes  Khan by diodes (80-100 w a t t s / c m 2 $  s o  t 
can have a h ighe r  power dens i ty .  Outside t h e  ha r sh  r e a c t o r  e 
t h e  diodes are open t o  more freedom of des ign;  f u e l  swel l ing  
co l l ec to r - emi t t e r  spacing and r a d i a t i o n  damage t o  e l ec t r i ca l  
are e l imina ted ,  thereby  inc reas ing  diode r e l i a b i l i t y -  Diode effvireney 
i s  a l s o  increased  - by smaller diode spac ings ,  by having room 
e l e c t r i c a l  l e a d s ,  by i so thermal  ope ra t ion ,  and by absence of 
products t o  degrade diode performance. 

(Fig.  4 ) .  I n  designing t h i s  r e a c t o r  t h e  goa ls  have been sim 
Keeping s i m p l i c i t y  i n  mind w e  ga in  by ob ta in ing  and redundancy, 

r e a c t o r  weight and volume, a reduct ion  i n  malfunct ion p o s s i b i l i t i e s  
(fewer p a r t s  t o  f a i l ) ,  and a reduct ion  i n  system development ~ : ~ . T P E  an 
c o s t s .  Keeping redundancy i n  mind w e  ga in  by minimizing mal func t ion  
propagat ion and i n  t h e  a b i l i t y  t o  ope ra t e  i n  s p i t e  o f  l o c a l  f a i l u r e s -  
We then design t h e  components f o r  a long l i f e  and f i n d  t h a t  the criteria 
(Fig.  1) f o r  a u x i l i a r y  space  power have been f u l f i l l e d .  

11. REACTOR DESCRIPTION 

A, Fuel  P ieces  and Reactor Heat P ipes  (Fig.  5) 

The b a s i c  bu i ld ing  blocks f o r  t h e  co re  are t h e  r e a c t o r  heat  p i p e  
module and t h e  f u e l  p i ece ,  
t i o n  of t h e  h e a t  p ipe  extends through t h e  r e f l e c t o r  block and transforms 
t o  a p ipe  wi th  a r ec t angu la r  c r o s s  s e c t i o n .  
t oge the r  t o  form an a x i a l  r e f l e c t o r  s l a b  wi th  h e a t  pipes  pene t r a  
square  g r i d ,  The f u e l  p i eces  s l i p  i n  between t h e  h e a t  p ipes ,  an 
temperature i s  r a i s e d ,  they expand a g a i n s t  t h e  p ipes  f o r  ood sh 
contac t .  The f u e l  is formed from e i t h e r  f u l l y  enr iched  U233C or 
cermet wi th  4 percent  volume of tungs ten  t o  improve w a l l  bonding 
ga in  chemical equ i l ib r ium i n  t h e  U-C-W system, and wi th  20 percent POP- 
o s i t y  f o r  f u e l  swe l l ing  accommodation. The Parge c e n t r a l  VOI 
eluded t o  g ive  t h e  c o r e  longer  l i f e  by providing growth space 
poros i ty  a lone  can no longer  absorb more f i s s i o n  products .  

The c y l i n d r i c a l  form i n  t h e  evaporator  set- 

The r e f l e c t o r  b locks  ~ o a n  
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The r e a c t o r  h e a t  p ipes  have tungsten w a l l s  and wicks and contarn ii: 

s m a l l  amount of l i t h i u m  i n  l i q u i d  and vapor a t  temperatures arsnn 0" R 
when i n  f u l l  opera t ion .  

B. Overa l l  Reactor  (Fig.  6) 

To complete t h e  b a s i c  core  h a l f  a r a d i a l  r e f l e c t o r  w i th  thermal in-  
s u l a t i o n  and a center  p l a t e  t o  cover t h e  core  are  added, Two ident ical  
core ha lves  toge the r  make one s p l i t - c o r e  heat-pipe r e a c t o r ,  Long heat  
p ipes  i n t e r l a c e  wi th  t h e  r e a c t o r  h e a t  p ipes  i n  t h e  h e a t  exchan 
cated ad jacent  t o  t h e  a x i a l  r e f l e c t o r  t o  form t h e  energy l i n k  w i t h  the 
rest of t h e  thermionic  conversion system. 

Fuel  expansion is allowed i n t o  t h e  f i s s i o n  gas plenum betwe 
core and t h e  axial  r e f l e c t o r s .  The plenums are tapped t o  a l l o w  
t o  escape t o  t r a p s  e x t e r n a l  t o  t h e  r e a c t o r .  The r a d i a l  r e f l e c t o  
double duty ;  bes ides  r e f l e c t i n g  neutrons i t  takes  t h e  r a d i a l  exp 
load from t h e  core.  The r e a c t o r  h e a t  p ipes  smooth temperatures  
a x i a l  d i r e c t i o n  and t h e  h e a t  exchangers smooth them crosswaysa s 
diodes tend t o  be i so thermal .  

One of t h e  n e c e s s i t i e s  f o r  a long- l i f e  r e a c t o r  a t  h igh  ten1 
appears t o  be a method f o r  r e l e a s i n g  f i s s i o n  products  from the 
ments so  t h a t  they do not  cause excess ive  swel l ing .  Y e t  a t  the 
t i m e ,  i t  is d e s i r a b l e  t o  conta in  t h e  f i s s i o n  products  s o  they d 
taminate  t h e  surroundings.  I n  a r e a c t o r  cooled by forced  conve 
amount of high-temperature plumbing requi red  t o  do t h i s  i s  cons i  
I n  t h e  h e a t  p ipe  r e a c t o r  t h e  only plumbing r equ i r ed  is  a tap in 
f i s s i o n  gas plenum. But i t  a l s o  r equ i r e s  a gas- t igh t  sea l  over 
which inc ludes  t h e  r e a c t o r  and t h e  condenser ends of t h e  hea t  p 
which form a series of s l a b s  b u t t e d  a g a i n s t  t h e  axial  r e f l e e t o r s ,  A 
z"oi.ri-fftting tantalum shroud over the heat pipes and radial. r e f l e c t o i  
weld-ed t o  a corrugated d ise  over the center p la te  provides ihe zeal, 

C .  Reac t iv i ty  Control  (Fig.  7) 

This r e a c t o r  i s  con t ro l l ed  by t h e  r e l a t i v e  p o s i t i o n  of the t w o  core 
halves .  Overall movement of t h e  reac tor -hea t  p ipe  system i s  complecated 
by t h e  a t tached  long h e a t  p ipes ,  which wind through t h e  s h i e l  
r a d i a t i o n  s t reaming.  
angle  a swing arm is used t o  both suppor t  one r e a c t o r  h a l f  anti p r o v i d e  
r e a c t i v i t y  c o n t r o l ;  t h e  o t h e r  core  h a l f ,  as w e l l  as the  support arm, are 
a t tached  t o  the  s h i e l d .  The movement i s  s m a l l ;  a 235UC core  r e q u i r e s  
about 3 cm of s e p a r a t i o n  between t h e  cores  f o r  a lo-$ reactivity c o n t  
swing; a 233UC core ,  about 1 em. 

To minimize movement of t h e  long p ipes  

Going t o  a swing arm c o n t r o l  approach r a t h e r  than  t o  control PO 
has several advantages,  I f  rods were used o t h e r  materials WQU 
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Figure 7. - fplit-core heat p ip reactor concept. 
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